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cognitive measures. Conclusions: Assessing the cognitive status and functional dexterity of patients undergoing UD might provide a useful objective clinical tool to aid in decision-making regarding the type of UD and postoperative medical care situation. Further prospective data are needed to confirm these findings and further simplify the methods used here.
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Background
The history of using bowel for bladder augmentation or substitution began over 120 years ago. Tizzoni and Foggi [1] anastomosed an ileal loop with the bladder neck of dogs after cystectomy in 1888 and since this time, many techniques have been published reporting on experience in utilizing intestine for urinary diversion (UD) [2] . Besides wet loop diversions such as the ileal conduit, starting in the 1980s, a growing number of techniques for continent orthotopic or cutaneous UD have been established and described [2] [3] [4] . Long-term follow-up, for example, in the Mainz ileocecal pouch, confirmed safety and reliability of these techniques regarding complica- tions, renal function, metabolic consequences, body image, and health-related quality of life (HRQoL) measures [5] [6] [7] [8] [9] [10] .
It is well known that our society ages [11] which particularly pertains to the growing urologic patient population. Therefore, in the authors' opinion, especially the functional aspects and the medical care situation prior and after UD will have a significant impact in UD patient care in the future: As a general rule, patients should be physically and mentally able to, for example, conduct autonomous stoma care or catheterize an orthotopic or cutaneous UD. Notably, these generally accepted preconditions have never been objectively defined in the past. As the act of catheterization places higher physical and mental demands on patients than stoma care (considering the growing role of stoma therapists [12] ), proper preoperative patient selection is necessary. To date, besides objective parameters such as the underlying disease or anatomical considerations, the selection and recommendation which UD to use is governed by subjective evaluation of the treating clinician.
Therefore, in this combined retrospective and prospective observational study, we sought to assess usability of 3 [14, 15] ) on the functional outcome after UD to potentially ease this decision in the future.
Patients and Methods
A total of 106 patients with UDs were included in the study, divided into 77 retrospectively assessed patients recruited from routine follow-up consultations (median follow-up of 71.5 months after UD) and a prospective observational cohort of 29 patients receiving cystectomy and UD at our department who were followed 6 months after surgery. UD patients contacting our department with new onset problems or late complications with regard to stoma care, self-catheterization (CIC), or continence were excluded from the study. The demographic details of the whole cohort are shown in Table 1 . An ethics statement (No. 276/16) of the University of Würzburg was initiated for this study and all participating patients provided written and informed consent prior to being enrolled.
All patients were asked to perform the FDS and MMS/clock drawing tests according to the already published standardized protocols [13] [14] [15] [16] . For the clock drawing test, we used the scoring method described by Mainland and Shulman [15] . For a brief description of the FDS test, patients were asked to turn over 16 wooden sticks on a board against the clock with their dominant hand. Dropping sticks or deviating from the tests' standardized protocol [13, 16] resulted in additional penalty time. Time spans ranging from 15 to 33 s to complete the test were regarded as sufficient dexterity, time spans over 33 s were regarded as reduced dexterity [16] . For the MMS test, 28 or more achieved points were regarded as adequate cognitive function. Since the MMST can be subject to a plethora of possible interference [17] , this study paid special attention to reducing these factors: one single examiner conducted all MMS and FDS tests in an interferencefree environment (separate examination room) to exclude interobserver bias, and patients with illiteracy or uncorrected hearing disability were excluded from the study. After completion of the [18, 19] adding diversion-related questions for each pre-existing UD (ileal conduit, orthotopic, or cutaneous UD). Overall QoL from these selfdesigned questionnaires was then assessed using a scoring system (online suppl. Table 1 ). For prospectively assessed patients, in addition of the 2 tests performed, a generally designed preoperative questionnaire was handed out prior to cystectomy and creation of a UD. Three and 6 months after surgery, the patients were contacted again and asked to fill out the questionnaires for their respective UD mentioned above. The 2 tests (FDS & MMS/ clock drawing test) were not repeated in the follow-up period in this patient group. Neither the preoperatively achieved dexterity scores nor the results of the preoperative questionnaire had an impact on the recommended and ultimately chosen UDs, according to the observational nature of this study. As setting up this study as a prospective randomized trial would have been difficult due to ethical concerns, we have conducted a combined retrospective and prospective observational study. As sampling bias was likely to occur in the prospective study cohort due to limited participating patients and 3 different types of UDs compared, the retrospective and prospective patient cohorts were combined and jointly analyzed. For statistical evaluation, R 3.10 (https://www.r-project.org) was used. After data acquisition, Pearson's chi-square test was used to realize intergroup comparison. If 2 means of normally distributed data had to be compared, 2-sided unpaired student's t test was used. More than 2 groups were differentiated by forward analysis of variance with post-hoc testing (Tukey's test) if significant differences occurred. Significant associations were set as p ≤ 0.05 (*).
Results
General Observations Regarding the FDS and MMS Tests and HRQoL in the Overall Patient Cohort
For the overall patient cohort, we found that reduced dexterity as well as lower MMS tests scores were significantly correlated to increased patient age in Pearson's correlation (Pearson ρ = -0.45 and -0.29, p = 0.02, p = 0.04, respectively). Lower MMS test scores were also significantly correlated to reduced dexterity (Pearson ρ = -0.53, p = 0.01). Interestingly, neither reduced dexterity nor low MMS test scores were significantly correlated to poorer or improved HRQoL (n.s., Pearson ρ = -0.13 and 0.08, respectively; Fig. 1a -c) as overall median HRQoL measures were comparable both in the prospective-and retrospective patient cohorts (74 and 77%, respectively). It should be noted that median HRQoL measures increased significantly in the prospective cohort 6 months after surgery with rapprochement to the retrospective patient cohort (74-80%, p = 0.04, Fig. 1d ). We have also tested and excluded other potential confounders regarding HRQoL: Neither the underlying condition (benign vs. malign) nor the need for revisional surgery or adjuvant chemotherapy in the postoperative period was significantly associated to poorer or better HRQoL (online suppl. Fig. 1 ).
FDS and MMS Tests and HRQoL in Dependence of the Different Urinary Diversions
After discriminating the overall patient cohort in 3 UD groups (ileal conduit vs. neobladder and ileocecal pouch), we were able to demonstrate that patients receiving an ileal conduit were significantly older (77 vs. 66 years and 62 years, p ≤ 0.01) and less dexterous than patients receiving a continent solution (median FDS 33.8 vs. 26.6 s and 26.7 s, p = 0.01). For MMS test scores, patients with an ileal conduit achieved lower median test scores (28 vs. 29 and 29, p = 0.118) than patients with a continent UD. However, this difference did not reach statistical significance. For overall HRQoL, no statistical significances were found among the 3 types of UD (79 vs. 81% and 80%, p = 1.2). These results are subsumed in Fig. 2 .
FDS and MMS Tests in Relation to Subjective Functional Outcome after Urinary Diversion
To assess the functional outcome of the UDs, we added items concerning stoma care, CIC, and continence in the respective questionnaires handed out to the patients (refer to item 17 in the postoperative questionnaires, online suppl. Document 1). No constraints in stoma care, CIC, and continence were defined as complete freedom from symptoms (item weight 0), any or moderate constraints as item weights 1-2, and severe constraints as item weights > 3.
We found that reduced dexterity was significantly associated with increased constraints in stoma care, CIC, and continence ( Fig. 3a) : 52.6% of the patients with reduced dexterity (FDS > 33 s) reported any or moderate constraints in comparison to 32.3% of the patients with adequate dexterity (FDS < 33 s, p ≤ 0.01). Moreover, severe constraints were reported in 28.9% of the patients with reduced dexterity compared to 14.7% of patients with adequate dexterity (p ≤ 0.01). For MMS test results, we found that patients with a reduced MMS score (< 28) reported significantly more moderate (41.9 vs. 30.1%, p = 0.02) and severe constraints (23.3 vs. 14.3%, p = 0.03) concerning stoma care, CIC, and continence. A summary of these results is displayed in Figure 
An Attempt of Simplification: The Clock Drawing Test
In addition to FDS and MMS assessment, all participating patients also completed the clock drawing test, which is performed and interpreted quicker than the MMS test. Here, in accordance to the previously retrieved results, we found that patients with unimpaired clock drawing skills (score 1, median age 62) were significantly younger than patients with impaired clock drawing skills (score 2 and 3, median age 72 and 74, respectively, p ≤ 0.01). Also, unimpaired clock drawing skills (score 1, me- dian MMS score 29) were significantly associated to higher MMS test scores than in patients with impaired clock drawing skills (score 2 and 3, median MMS scores 28 and 27, p ≤ 0.01). Concerning functional dexterity, a significantly progressive deterioration among the 3 different clock drawing scores was observed (score 1: 26.6 s, score 2: 32.3 s, score 3: 36.1 s, p ≤ 0.01) in forward analysis of variance. For functional outcomes, the clock drawing test was able to significantly discriminate patients with any or moderate constraints in stoma care, CIC, and continence (score 1: 36.4% constraints vs. score 2 and 3: 48.3% constraints, p = 0.01). However, for severe constraints, no statistical significance could be achieved (score 1: 22.1% constraints vs. score 2 and 3: 24.1% constraints, p = 0.63). As for the MMS and FDS tests, overall HRQoL was not significantly affected by clock drawing skills (median 80% QoL measures among all groups, p = 0.1). Figure 4 subsumes these results.
Discussion
An exhaustive number of studies have examined the surgical outcome including the issue of HRQoL after UD [6-10, 18, 19] ; this study does not aim at re-inventing the wheel on this topic. In a nutshell, a comprehensive review by Gerharz et al. [18] revealed that there were no differences in long-term postoperative HRQoL among the different types of UD, be it a wet diversion or a continent solution. Due to lack of strong evidence (> level III) among the examined studies, the authors stated that prospective studies would be needed to further clarify this topic and answer remaining questions. For our research group, one of these questions was whether cognitive status or functional dexterity of the patients would impact functional outcomes, the medical care situation, or HRQoL after UD.
Our considerations about designing this study were steered by the increasing interest and demand concerning care research in urology (with special attention to the ageing society) [11, 20] . Receiving an UD still remains a lifechanging experience; patients have to deal and live either with a "bag attached to the abdomen for urine storage" [18] , CIC of an umbilical stoma, or voiding urine "via naturalis" over a hypocontractile spheroid created from intestine. Although the choice of UD apparently does not affect long-term HRQoL measures [18, 19] , patients have to adapt to a certain medical care situation, be it stoma care, CIC, or voiding through a neobladder. In the latter cases, caring for oneself poses a greater mental and physical challenge [21, 22] than, for example, frequent bag changes in an ileal conduit patient. Moreover, as mentioned before, the prospering occupational group of stoma therapists [12] can ease and cover most of patients' needs after creation of a wet loop UD compared to patients after a continent solution. Therefore, we hypothesized that better patient selection on the basis of objective, validated clinical tests would increase the subjective functional outcome and therefore the medical care situation in UD patients and may provide the treating clinician with a useful tool regarding which UD he or she recommends.
As objective tests assessing the mental and physical status of patients to receive a UD are not routinely established and sparse to no data are available on the topic to date, we chose the MMS/clock drawing test and the FDS test [13] [14] [15] [16] for our study for 2 reasons. The first one is that all 3 tests are validated and in broad clinical use for over 20 years, giving them a certain credibility; the second one is that the FDS test somewhat resembles the act of catheterization and stoma care by demanding confident fine motor skills and one-handed dexterity from the patients [13, 16] .
We found that reduced dexterity as well as poor cognitive function were significantly associated with patient age, which is confirmed by the existing literature on the topic [14, 23, 24] . As expected and mirrored by the existing literature, dexterity and cognitive function were also inversely correlated [23, 24] . Interestingly, neither dexterity nor cognitive function seem to affect overall HRQoL in UD patients. We interpreted these results in the context that the term of HRQoL contains more than and is not dependent on manual dexterity and cognitive function, as other authors have stated and appropriately described as "the well-being paradoxon" before [18] .
Based on these findings, we did a subgroup analysis of the 3 types of UDs examined in this study. We found that patients receiving an ileal conduit were significantly older and less dexterous than patients with a continent UD. No significances were found in cognitive function and overall HRQoL, confirming recent reviews on the topic [7, 18] . In conjunction with the available literature, we conducted, that elderly patients usually bring along more comorbidities and therefore being offered "the easiest solution possible", the ileal conduit [2, 25] . Based on these data and to further substantiate our claims that reduced dexterity or cognitive function would impair the medical care reality in the respective UDs, we found that impaired dexterity and cognitive function indeed was significantly associated with subjective constraints in stoma care, CIC, and continence. Therefore, we propose that these tests represent valid objective clinical tools to assess the medical care situation in patients with a UD. The well-disposed to reader might now wonder what manual dexterity has to do with continence after creation of a neobladder. Here, in our opinion, 2 aspects have to be considered: First, as mentioned before, voiding through a neobladder can pose a complex challenge upon the patient, both physically and mentally [21, 22] . Taking this fact and the data we presented here into account, the additional information that dexterity correlates with cognitive function justifies the additional assessment of dexterity in patients eligible for an orthotopic continent UD. Secondly, hypercontinence in orthotopic continent UDs with the need for CIC in the follow-up period can occur in up to 10% of the patients [21] , further strengthening the usefulness of dexterity assessment. We therefore propose further clinical evaluation of these tests in patients to receive a UD to validate our findings. In the light of the increasing work intensification at medical centers offering UD procedures, we know that time-consuming tests like the FDS and MMS test will most likely not find routine clinical use and propose that further simplification of the tests used is warranted. Therefore, we have also evaluated the clock drawing test [15] , which is quickly performed, validated, and widely mirrors the results found for the time-consuming MMS and FDS tests. Time and further prospective evaluation will tell which of these tests will best meet the requirements both for the patients and for the treating clinicians. In this way, we propose that preoperative information of the patients regarding the respective UDs and the expected postoperative care situation will improve, therefore aiding in joint decision-making in the future.
Despite the noteworthy strengths of our study (e.g., the combined retrospective and prospective design as well as the comparably high number of patients with a continent cutaneous UD), limitations have to be mentioned: Due to the questionnaire-based design, well-known biases such as the examiner bias and sampling bias are to be considered. Moreover, the subjective assessment of constraints in UD medical care and the possible interference susceptibility of the FDS [16] and MMS [17] tests have to be interpreted within the limits of the used data collection.
Nonetheless, we think that we have opened the door towards an exciting new perspective in urological care research, which will hopefully encourage other researchers to deal with this topic in greater depth.
Conclusions
Our combined retrospective and prospective data imply that assessing the cognitive status and functional dexterity of patients undergoing UD might provide a useful objective preoperative tool to aid in decision-making regarding the type of UD and the postoperative medical care situation. However, further prospective data are needed to confirm these findings and further simplify the methods used here.
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